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Abstract: With the occurrence of rapid global economic growth concerns about waste and its related
effects on the environment are on the rise. There has been an increasing focus towards sustainable
development and waste recycling as part of environmental sustainability strategies, and the en-
couraging of recycling behavior has received considerable attention from various environmental
stakeholders. While numerous studies have used grounded theories such as the theory of planned
behaviors and the norm activation model to examine environmental behaviors, a lack of considera-
tion of other important variables in these studies has been revealed. This study aimed to address
this gap by adopting the comprehensive action determination model, which comprises a wider
group of influencing variables related to norms, intentions, situations, and habits. This model was
tested using structural equation modelling with a sample of 386 valid questionnaires collected from
Taipei City residents in the domain of recycling behaviors. Results indicated that awareness had
a positive influence on personal norms towards recycling behaviors; social norms had a positive
influence on personal norms towards recycling behaviors; attitudes had a positive influence on
recycling intentions; social norms had a positive influence on recycling intentions; personal norms
had a positive influence on recycling intentions; perceived behavior control had a positive influence
on recycling intentions; recycling intentions had a positive influence on recycling behavior; and
recycling habits had a positive influence on recycling behavior. However, findings did not support
the positive impact of perceived behavioral control on recycling behavior.
Keywords: comprehensive action determination model; recycling behavior; resource recovery;
structural equation modeling; Taipei City
1. Introduction
While the rapid global economic growth in recent years has led to many advance
developments and benefits, it has also given rise to increasing concerns about waste and its
related effects on the environment. As sustainable development becomes a major trend
for international environmental protection, waste recycling as part of an environmental
sustainability strategy has received considerable attention from various environmental
stakeholders such as international organizations, government agencies, businesses, com-
munities, and researchers in an attempt to encourage, promote, and facilitate recycling
behavior. Although many prior studies have been conducted using a number of different
approaches/models (mainly normative activation model, theory of planned behavior) to
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examine people’s pro-environmental behaviors (including recycling behavior), none of the
approaches/models by themselves have offered an adequate representation of the multiple
determining factors of pro-environmental behaviors.
Ajzen’s theory of planned behavior (TPB) is regarded as one of the most commonly
used theories by researchers to interpret and predict different pro-environmental behav-
iors [1,2]. According to the theory of planned behavior, there are three key elements that
influence behavioral intentions which can directly predict the behavior of individuals’
actions. These elements are: (1) an individual’s attitude towards a particular behavior; (2)
perceived behavioral control in which an individual has the ability to control the external
environment; and (3) social norms that refer to an individual’s perceptions of external social
pressures to act in a certain way [3,4]. While the theory of planned behavior emphasizes the
importance of behavioral intentions, it fails to acknowledge the impact of personal norms,
habits, and situational circumstances. In the domain of pro-environmental behaviors, the
theory of planned behavior has been effective in explaining recycling behaviors [5,6], the
use of public transportation [7], energy conservation [8], food consumption decisions [9],
and the purchase of green products [10].
Another theory often used to predict pro-environmental behaviors is the norm activa-
tion model (NAM), which was first proposed by Schwartz [11]. The norm activation model
posits that prosocial behavior is likely to derive from personal norms in which altruistic
behaviors are displayed through a feeling of moral obligation [11,12]. There are three
key factors in the norm activation model used to predict pro-environmental behaviors.
Firstly, awareness of need which indicates an individual being aware of and perceiving
that someone or something is in need. Secondly, ascription of responsibility that reflects an
individual’s personal feeling towards being responsible for the consequences of his/her
behavior [13]. Thirdly, awareness of consequences that refers to an individual’s perception
about the impact that his/her own behavior has on others [13]. The norm activation model
considers personal norms to be the most influential predictor of norm-oriented behavior
but has neglected other non-moral variables such as social norms, habits, behavioral inten-
tions, perceived behavioral control, and situational circumstances. Previous studies have
adopted the norm activation model to investigate different domains of environmentalism,
such as participation in green consumption activities [7,11], recycling behaviors [12,14],
use of green transport [15], environmental pollution [16], and energy conservation [17].
In view of these limitations and the complexity of examining pro-environmental
behaviors, Klöckner and Blöbaum [18] proposed a complex comprehensive action determi-
nation model (CADM), which has been developed by integrating the theory of planned
behavior, the norm activation model, and other variables such as habits and situational
influence into a behavioral decision model with the aim to provide a sounder explanation
towards pro-environmental behaviors. Their study has used the comprehensive action
determination model to explore the correlation between variables related to recycling be-
haviors including awareness, personal norms, social norms, perceived behavioral control,
intention to recycle, recycling habits, and recycling attitudes, to gain a better understanding
about the path analysis on recycling behaviors [18]. The results indicate that the most
important psychological variables of recycling behavior are behavioral intention, perceived
behavioral control, personal norms, social norms, and habits, and pointed out that un-
derstanding the patterns of human behavior is an important factor in the development
of effective recycling policies. Although some studies that adopted the comprehensive
action determination model have indicated the applicability of this model to a variety of
situations and behaviors, limited evidences have prompted the need for further studies
to be conducted in order to gain greater insights into this model where more conclusive
findings can be added to the extant literature. Thus, this study seeks to investigate recycling
behaviors using the comprehensive action determination model, and specifically in the
Taiwan urban context.
Taipei City is the national capital of Taiwan. Industry and commerce have flourished
rapidly, and a large number of people have lived in the Taipei metropolitan area since
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the 1950s. The dense population has not only increased environmental loads but also
caused great environmental pollution and destruction. As a result, the rapid growth in
population has caused an ever-expanding natural destruction, coupled with the ever-
shrinking human living space, and the living environment is deteriorating day by day,
resulting in increasing environmental pollution and environmental loads. Environmental
pollution does not only affect human health but also affects human development. Among
them, the ever-increasing waste is one of the several critical environmental problems that
Taipei City addressed in the 1960s. Taipei City’s garbage collection and disposal policy
aims to “reduce the source of waste and accelerate recycling” in line with the perspective of
resource sustainability, advocating effective resource recycling methods to recycle resources
efficiently and gradually achieve the goal of recycling all the garbage and dumping zero
waste. Since 2000, the Taipei City government has put in place policies that impose garbage-
bag fees as well as mandate the use of specific environmentally friendly garbage bags.
According to the Department of Environmental Protection in Taipei City, the resource
recovery rate has improved significantly from 5.88% (1.11 kg/day) in 1998, to 55.23%
(0.37 kg/day) in 2015 [19].
Generally, Taipei City residents are expected to take their garbage wrapped in specific
bags and wait for the arrival of the garbage truck at a designated place during a scheduled
time of the day. They will also carry out garbage classification and resource recycling in
accordance with the regulations stipulated by the local authority from the Taipei City. The
recycling content includes wastepaper, plastic bags, Styrofoam, bottles and cans, paper
containers, household appliances, computers, screens, keyboards, waste plastics, waste
tires, light tubes, batteries, waste oil, kitchen waste, and so on. Although Taipei City
residents have busy lifestyles, they do spend time sorting their waste materials according
to specific requirements and hand them to the recycling staff from the Department of
Environmental Protection at the designated garbage and resource recovery pick-up points.
Therefore, the key purpose of this research is to use the comprehensive action deter-
mination model to examine the recycling behaviors of Taipei City residents. Specifically,
to better understand their motives and intentions towards recycling behaviors, the key
variables affecting recycling behaviors, and the causal relationship between these variables.
2. Theories and Hypotheses
This study has adopted the comprehensive action determination model to explore the
correlations between the variables towards recycling behaviors. Based on the extant litera-
ture, the following hypotheses will be examined using the proposed research framework
as presented.
2.1. Awareness and Personal Norms
Using the norm activation model in their studies, Eriksson et al. [16] suggest that
problem awareness and personal norms have a positive impact on the willingness to re-
duce environmental pollution, while Mainieri et al. [14] reveal that individuals with higher
awareness of consequences are more morally responsible and have higher willingness to
participate in green consumption activities. Hopper and Nielsen [20] further explained,
with the use of norm activation model, that when social norms are accepted by people per-
sonal norms will be activated and therefore the ascription of responsibility and awareness
of consequences in turn will influence and ultimately produce behaviors. Furthermore,
other previous studies e.g., [11,21,22] have indicated the influence of awareness on personal
norms in different contexts. Therefore, in order to understand the effect of awareness on
personal norms towards the recycling behaviors of Taipei City residents, the first proposed
hypothesis is:
Hypothesis 1 (H1). Awareness (AW) has a positive impact on personal norms (PN) towards
recycling behaviors.
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2.2. Social Norms and Personal Norms
A study by Bamberg et al. [21] shows that social norms have a positive impact on
personal norms, and personal norms have a positive effect on people’s intentions to use
public transportation. In addition, social norms also indirectly influence the behavioral
intention mediated by guilt. Cialdini et al. [22] state that social norms are widely used to
explain most human behaviors. Social norms obviously have a considerable influence on
behavior, but this influence has a prerequisite. In other words, it is a kind of descriptive
norm or injunctive norm that can correctly predict the possibility of actions in concert.
Secondly, various issues such as personal attention, cultural differences, and behavioral
context must be considered as they have different influences on behavior prediction. On
the contrary, a study by Stok [23] suggests that social norms can have short-term negative
effects on personal norms in terms of actual fruit consumption. Although prior studies
have supported the positive impact of social norms on personal norms, they are generally
based on the normative activation model and the theory of planned behavior. In contrast,
this study has adopted the comprehensive action determination model, which is used by
limited studies [18,24,25], to investigate the impact of social norms on personal norms
towards the recycling intention of Taipei City residents. Given that a different model
(i.e., the comprehensive action determination model) is used and the differing contexts
(e.g., cultural, recycling behavior of urban Taipei City residents), it is useful to examine
if a similar positive effect of social norms on personal norms exists. Thus, the second
hypothesis proposed is:
Hypothesis 2 (H2). Social norms have a positive influence on personal norms towards recycling
behaviors.
2.3. Attitudes and Recycling Intentions
Fishbein and Ajzen [26] in his proposed theory of reasoned action suggest that actions
can be completely controlled by individual behaviors, and that the most direct determi-
nant of a particular behavior by an individual is “behavioral intention”, and behavioral
intentions will be affected by “attitudes” and “social norms”. Ajzen [3] extends the theory
of reasoned action by adding a new variable to this model, which is “perceived behavioral
control”. Perceived behavioral control refers to the actor’s perception of his/her ability,
knowledge, endurance, and time to exercise. Similar to a “concept of self-efficacy”, it is
regarded as a belief in one’s own ability to organize target behavior [27]. The theory of
planned behavior claims that the more positive an individual’s attitude to the behavior is,
the more the social norms support the individual to engage in the behavior. Thus, the third
hypothesis proposed is:
Hypothesis 3 (H3). Attitudes (AT) have a positive impact on recycling intentions (IN).
2.4. Social Norms and Recycling Intentions
Armitage and Conner [28] integrated a total of 185 research data sets on planned
behaviors in 1997, and argue that the social norms in the theory of planned behavior are
incomplete and rarely succeed in predicting behavior intentions. Most of the reasons are
attributed to the unsound measurement tools and the need to expand the measurement
range. Social norms can also be used as social pressure to influence an individual to follow
others, but social pressure is rarely so direct or clear. The behavior of most people seems
likely to be unaffected by social pressure. Cialdini, Reno and Kallgren [22] mention that
the term norm is only used for ideal behaviors (or prohibited behaviors) and it relates to
how people perceive normal behaviors. “Normal” behaviors are usually called descriptive
norms, explaining that we comply with descriptive norms. Social norms are divided into
descriptive norms and injunctive norms. When we perform the same actions based on what
other people are doing, such as carrying reusable shopping bags when shopping, it can be
regarded as a descriptive norm. On the other hand, the injunctive norms are those that are
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approved or disapproved by others. They are mandatory and punitive and apply to most
people. For example, in some countries, it is stipulated that car drivers should drive on the
right, and drivers must comply with this regulation. This is an injunctive norm. The key
difference between the two types of norm is that the injunctive norms are often punitive [29].
A study by Doran and Larsen [30] show that social and personal norms are very important
in explaining the intention of choosing ecotourism. Nigbur et al. [31] argue that injunctive
norms and descriptive norms can be used to predict personal norms mediated by recycling
behaviors and explain recycling intentions and behaviors. While studies by Park and
Ha [32], and Bratt [33] reveal that social norms are not directly related to intentions and
behavior, these results seem to be contradictory to other scholars [34–36] who have found
that social norms affected environmental behavior when comparing different groups of
participants in their studies. Therefore, this study seeks to better understand the role that
social norms play in the recycling behaviors of Taipei City residents. Given the above, a
fourth hypothesis is proposed:
Hypothesis 4 (H4). Social norms (SN) have a positive impact on recycling intentions (IN).
2.5. Personal Norms and Recycling Intentions
Thøgersen [12] proposed the classification of norms. For example, Cialdini et al. [22]
categorize norms into descriptive norms and injunctive norms, and subdivided them into
social norms, personal norms, introjected norms, and integrated norms. Introjected norms
mean that behavioral norms are controlled by external rewards and punishments, and
norms are internalized on the surface. Integrated norms mean that the moral norms are
more deeply internalized through reflection and evaluation. The closer a behavior is to the
former, the more easily it will be externally affected, and the closer it is to the latter, the more
internalized it is. The closer the two norms are, the higher the correlation between them.
For example, the correlation between descriptive norms and social norms is higher than
that between descriptive norms and introjected norms. Bratt [33] suggests that consumer
recycling behavior is based on three variables: environmental belief, social norms, and
personal norms. The research results show that social norms are not directly correlated
with environmental recycling behaviors, but they are indirectly correlated with each other
mediated by personal norms. This verified the findings by Hopper and Nielsen [20],
and Harland et al. [29] whereby the inclusion of personal norms in the theory of planned
behavior can better explain various intentions and behavior areas. In combining eight social
and environmental psychological variables in environmental behavior models including the
norm activation model, the theory of planned behavior, and pro-environmental behaviors,
Bamberg and Möser [37] agree that besides attitudes and perceived behavioral control,
personal norms have a direct effect on behavioral intentions. Thus, the next hypothesis
proposed is:
Hypothesis 5 (H5). Personal norms (PN) have a positive impact on recycling intentions (IN).
2.6. Perceived Behavioral Control and Recycling Intentions
Ajzen [3] refers to perceived behavioral control as the degree to which an individual
recognizes the difficulty of engaging in a certain behavior. When an individual recognizes
that he/she may have more opportunities and resources, or the barriers and difficulties
he/she expects to encounter will be lesser, his/her perceived behavior control over induced
behaviors will be stronger, and vice versa. Perceived behavioral control can be divided
into external control and internal control. Internal control is individual behavior, such
as personal shortcomings, skills, abilities, or emotions. External control factors include
information, opportunity, dependence on others, etc. [38]. Chan and Bishop [34] indicate
that there is a correlation between moral norms and recycling, and subsequently concluded
that moral norms can replace the recycling attitude applied in the theory of planned
behavior. Moral norms, social norms, and perceived behavioral control are predictors of
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recycling intentions whereas perceived behavioral control has both a direct and indirect
effects on recycling intentions. Therefore, the sixth hypothesis proposed is:
Hypothesis 6 (H6). Perceived behavioral control (PBC) has a positive impact on recycling inten-
tions (IN).
2.7. Perceived behavioral Control and Recycling Behaviors
Mahmud and Osman [39] have used the theory of planned behavior to investigate the
recycling intentions and behaviors of secondary school students in Malaysia, including
confirmatory factor analysis and structural equation modeling. The results show that
perceived behavioral control is the strongest predictor of intention behaviors whereas
social norms have a similar effect but to a lesser extent. A study by Ioannou et al. [35] about
the recycling behaviors in Athens, Greece shows that attitude and perceived behavioral
control in the theory of planned behavior are key explanatory factors. However, when
Kaiser and Gutscher [40] further examined the recycling behaviors of Swiss residents
using structural equation modeling they revealed that while the variables in the theory of
planned behavior positively affect the various pro-environmental behaviors, the perceived
behavioral control has a relatively weak influence on some pro-environmental behaviors.
Thus, the next proposed hypothesis is:
Hypothesis 7 (H7). Perceived behavioral control (PBC) has a positive impact on recycling behav-
iors (BH).
2.8. Recycling Intentions and Recycling Behaviors
Fishbein and Ajzen [26] have proposed that “behavioral intention” is a necessary
process for behavior performance, a decision before the behavior appears, and the degree
of inclination that an individual has to engage in behaviors. Intention is the degree to which
an individual wants to engage in a certain behavior positively or negatively. Therefore,
it can be categorized into favorable and unfavorable behavioral intention. Bearden and
Woodside indicate that the degree of an individual’s tendency to engage in a certain
behavior can be measured by the individual’s willingness to try and the level of effort
put into engaging in the behavior. Taylor and Todd [41] have undertaken analysis with
structural equation modeling to explore the factors that drive people to use online business
networking, with the results suggesting that social norms indirectly affect online behaviors
through the mediation of attitudes and behavioral intentions. Perugini and Bagozzi [42]
have further added the mediator variable “desire” to the theory of planned behavior
framework, to investigate the effort expended in studying of a total of 122 students at the
University of Rome. As such, the eighth hypothesis is proposed:
Hypothesis 8 (H8). Recycling intentions (IN) have a positive impact on recycling behaviors (BH).
2.9. Recycling Habits and Recycling Behaviors
Verplanken and Aarts [43] refer habit as a behavior pattern acquired by frequent
repetition or physiologic exposure that shows itself in regularity or increased facility of
performance. However, it is worth noting that not all repetitive behaviors will eventually
become habits since the development of habits depends on the catalysts and prompt
reflection of the goal of behavior. For example, in order to attend class on time (target
catalyst), someone arrives at the bus station at 8 o’clock every day (prompt response).
Therefore, daily reminders and repeated operations enable a person to develop a habit [44].
If a behavior is habitual, the influence of psychological variables such as personal norms
and/or behavior intentions will be insignificant because it has become almost involuntary.
Cheung et al. [5] have used the theory of planned behavior to investigate the recycling
behaviors of college students and reveal that past behaviors have an impact on recycling
behaviors. A study by Carrus et al. [7] to investigate the use of public transportation and
household garbage collection behavior suggests that there is a direct correlation between
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past behavior and intention, and the frequency of past behavior has a positive correlation
with the intention. Ittiravivongs’ study [6] of Thai households reveals that recycling
behaviors may not be related to recycling intentions and recycling facilities, but instead
argues that recycling habits are more closely correlated to household recycling behaviors.
Tonglet et al. [45] has adopted the theory of planned behavior to explore a roadside
recycling program and the results suggest that past recycling experiences, attention to the
community, and the consequences of recycling are also important predictors of recycling
behaviors. Therefore, the final hypothesis proposed is:
Hypothesis 9 (H9). Recycling habits (HA) have a positive impact on recycling behaviors (BH).
Given the above proposed hypotheses, a research framework is developed for this
study as shown in Figure 1 below.
Figure 1. Research framework of this study.
3. Materials and Methods
3.1. Respondents and Data Collection
In this study, the sample consisted of adult residents living in Taipei City, in which
there were a total of 2,331,156 residents aged 20 or older according to the demographic
statistics of the administrative districts of Taipei City compiled by the Department of Civil
Affairs in 2016. A “stratified proportional sampling” method was used to determine the
proportion of each administrative district in the population, and the number of people that
must be drawn from each administrative district. This was then followed by the cluster
sampling technique, using non-probability purposive sampling based on the population
sizes of the 12 districts in Taipei City. Lodico et al. [46] have indicated that if the number
of individuals within a population is 5000 or more, the sample size must be between
350 and 500. In this study, the sampling ratio is set to 0.5, the sampling error is <0.05,
and the reliability is set to 95% [47]. A total of 400 questionnaires were distributed for
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self-completion, of which 386 were completed and analyzed accordingly. There were
14 questionnaires deemed to be invalid and these have not been included in the final
analysis.
According to the National Taiwan Normal University Research Ethics Committee, our
research is not considered within the scope of the Human Subjects Research Act. Thus,
the committee approved the study protocol (201912HS001) and agreed that an informed
consent was obtained when respondents complete the questionnaire, which clearly outlined
the research purpose and content. All data collected was handled with strict confidentiality
and respondents remained anonymous and could not be identified.
3.2. Questionnaire Design
The questionnaire designed for this study has been divided into two main sections.
The first section was related to the demographic profiles, whereas the second section
was based on the eight key variables as outlined in the proposed research framework;
namely “awareness”, “social norms”, “personal norms”, “perceived behavioral control”,
“attitudes”, “recycling behavior intentions”, “recycling habits”, and “recycling behaviors”.
A total of 19 questions related to these eight key variables were adapted from the respective
literature. There were two questions related to the awareness variable, and they were
aligned with those posed by scholars such as Klöckner and Blöbaum [18], Klöckner and
Oppedal [24], Ofstad et al. [25], and Klöckner and Matthies [48]. In terms of the social norms
variable, two questions were developed based on studies by Klöckner and Blöbaum [18],
Klöckner and Oppedal [24], Ofstad et al. [25], and Klöckner and Matthies [48]. Two
personal norms-related questions that were sourced from Klöckner and Blöbaum [18],
Ofstad et al. [25], and Tonglet et al. [45] were included. With regards to the perceived
behavioral control variable, two related questions were included that were aligned to those
presented by Klöckner and Blöbaum [18], Klöckner and Oppedal [24], Ofstad et al. [25],
Tonglet et al. [45], and Klöckner and Matthies [48]. Based on studies from Klöckner and
Blöbaum [18], Klöckner and Oppedal [24], Ofstad et al. [25], Klöckner and Matthies [48],
and Ramayah et al. [49], two related questions were developed about the attitude variable.
The two questions related to the recycling behavior intention variable were supported
by Klöckner and Blöbaum [18], Klöckner and Oppedal [24], Ofstad et al. [25], Klöckner
and Matthies [48], and Minton and Rose [50]. As for the recycling habits variable, there
were three questions included that aligned with those proposed by Ofstad et al. [25], and
Verplanken and Orbell [38]. Regarding the final variable on recycling behaviors, four
related questions were developed, and they were supported by Klöckner and Blöbaum [18],
Klöckner and Oppedal [24], and Ofstad et al. [25].
3.3. Validity and Reliability of the Questionnaire
The Statistical Package for the Social Sciences (SPSS) software program was used to
conduct the analysis. The frequency analysis was used to calculate the total number of oc-
currences, the mean and standard deviation (SD) scores for the demographic questions, and
items in the eight key variables (i.e., awareness, social norms, personal norms, perceived
behavioral control, attitudes, recycling behavior intentions, recycling habits, and recycling
behaviors). As for the Pearson correlation technique, it was used to measure the strength
and direction of the relationship that exists between these key variables. Finally, multiple
regression analysis was used to predict the influence of awareness, social norms, personal
norms, perceived behavioral control, attitudes, recycling behavior intentions, and recycling
habits. A five-point Likert scale (i.e., 1 = “Strongly disagree” to 5 = “Strongly agree”) was
also used for the measurement in this study. The questionnaire was initially reviewed by
three experts in related fields, where some minor revisions were made to the semantic
meaning and some wordings were simplified to ensure more colloquial and clear terms
were used to enable the respondents to understand questions in the local context. The
revised questionnaire was subsequently pre-tested by 163 individuals, where all variables
(except social norms which indicated moderate reliability) showed high reliability with
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a Cronbach’s α value higher than 0.7 [51]. The Cronbach’s α values for the respective
variables were: awareness (0.825), social norms (0.678), personal norms (0.852), perceived
behavioral control (0.854), attitudes (0.888), recycling behavior intentions (0.894), recycling
habits (0.922), and recycling behaviors (0.844).
4. Results
4.1. Descriptive Statistics
With the 386 valid questionnaires collected, the results showed that there were
216 males (56%) and 170 females (44%). Among the respondents, 242 (62.7%) had a
college/university degree, and this was followed by 109 (28.2%) with a master’s degree.
Twenty-six (6.7%) graduated from general and vocational high school, five graduated from
junior high and below (1.3%), and the remaining four had a doctorate degree (1%). In terms
of household garbage disposal and resource recycling methods, 229 (59.3%) of them waited
for and placed household garbage in garbage trucks at designated hours and locations,
114 (37.3%) put household garbage at a designated room in their apartment building, and
13 (3.4%) disposed household garbage by other methods.
As shown in Table 1, findings for the items related to awareness indicated an overall
awareness mean score of 3.99. Among the two awareness-related items “I feel I am
responsible for the problems caused by whether the waste is sorted at home” had a higher
mean score than “I feel I am responsible for the environmental problems caused by the fact
that the waste is not sorted”. The results revealed an internal consistency of high reliability
measurements with a Cronbach’s value of 0.819 for the awareness-related items.
Table 1. Descriptive statistics for awareness items.
Awareness Mean SD
AW1 I feel I am responsible for the problems caused by whether the waste is sorted at home. 4.02 1.013
AW2 I feel I am responsible for the environmental problems caused by the fact that the waste is not sorted. 3.96 1.004
Overall awareness 3.99 0.927
The results from Table 2 showed that the overall mean score for the social norms
related items was 3.85. There were two items in the social norms variable, both “Persons
(family members, colleagues, and friends) who are important to me would influence me
to sort household waste” and “I think people (family members, colleagues, and friends)
around me who are important to me would expect me to do waste sorting at home”
had a very similar mean score of 3.85 and 3.84 respectively. The Cronbach’s value of
0.675 suggested a moderate level of internal consistency reliability measurements for the
social norms-related items.
Table 2. Descriptive statistics for social norms items.
Social Norms Mean SD
SN1 I think people (family members, colleagues, and friends) around me who are important to me would
expect me to do waste sorting at home. 3.84 0.950
SN2 Persons (family members, colleagues, and friends) who are important to me would influence me to
sort household waste. 3.85 0.884
Overall social norms 3.85 0.796
Findings (Table 3) of the personal norms-related item revealed an overall mean score
of 4.29. There were two items related to personal norms, and “In my opinion, everyone
should have the responsibility of household waste sorting and recycling” had a higher
mean score than “In my opinion, it is wrong not to do household waste sorting and
recycling”. The Cronbach’s α value of 0.762 indicated a high level of internal consistency
reliability measurements for the personal norms items.
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Table 3. Descriptive statistics for personal norms items.
Personal Norms Mean SD
PN1 In my opinion, it is wrong not to do household waste sorting and recycling. 4.25 0.815
PN2 In my opinion, everyone should have the responsibility of household waste sorting and recycling. 4.34 0.732
Overall personal norms 4.29 0.696
As outlined in Table 4, the findings suggested that the overall mean score for the
perceived behavioral control items was 4.33. The two items related to perceived behavioral
control were “I know how to do a good job in household waste recycling” and “I know
which household waste can be recycled”, in which the former had a higher mean score than
the latter. The internal consistency of reliability measurements for the perceived behavioral
control-related items was considered high, with a Cronbach’s value of 0.810.
Table 4. Descriptive statistics for perceived behavioral control items.
Perceived Behavioral Control Mean SD
PBC1 I know which household waste can be recycled. 4.30 0.649
PBC2 I know how to do a good job in household waste recycling. 4.36 0.596
Overall perceived behavioral control 4.33 0.572
Results for the attitude-related items in Table 5 showed an overall mean score of 4.43.
There were two items related to attitude, of which “I think doing a good job in household
waste recycling and sorting will reduce environmental pollution” had a higher mean score
than “I think doing a good job in household waste recycling and sorting will help preserve
natural resources”. The Cronbach’s value of 0.829 indicated an internal consistency of high
reliability measurements for the attitude-related items.
Table 5. Descriptive statistics for attitude items.
Attitudes Mean SD
AT1 I think doing a good job in household waste recycling and sorting will reduce environmental pollution. 4.47 0.661
AT2 I think doing a good job in household waste recycling and sorting will help preserve natural resources. 4.39 0.735
Overall attitudes 4.43 0.646
As presented in Table 6, the overall mean score for the recycling intention items was
4.22. There were two items related to recycling intentions, whereby “I will make a good job
of sorting and recycling household waste, rather than disposing of it at will” had a higher
mean score than “I plan to make a good job of sorting waste at home in the next 7 days”.
The Cronbach’s α value was 0.706, which represented a high level of internal consistency
of reliability measurements for the recycling intention-related items.
Table 6. Descriptive statistics for recycling intention items.
Recycling Intentions Mean SD
IN1 I plan to make a good job of sorting waste at home in the next 7 days. 4.15 0.889
IN2 I will make a good job of sorting and recycling household waste, rather than disposing of it at will. 4.30 0.763
Overall recycling intentions 4.22 0.728
Findings from Table 7 revealed that the overall mean score for the recycling habits
items was 4.29. There were three items about recycling habits, of which “Doing a good job
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of waste recycling and sorting at home is something I would do naturally” had the highest
mean score. This was followed by “I unknowingly have already sorted waste at home”
and “I do a good job of waste sorting and recycling at home without consideration” The
internal consistency reliability for the recycling habits related items was regarded as high
and this was evident by the Cronbach’s α value of 0.884.
Table 7. Descriptive statistics for recycling habit items.
Recycling Habits Mean SD
HA1 Doing a good job of waste recycling and sorting at home is something I would do naturally. 4.39 0.738
HA2 I unknowingly have already sorted waste at home. 4.24 0.785
HA3 I do a good job of waste sorting and recycling at home without consideration. 4.24 0.784
Overall recycling habits 4.29 0.707
The overall mean score (as shown in Table 8) for the recycling behaviors items was
4.31. There were four recycling behaviors related items: “I sort and recycle glass waste
(wine bottles, glass bottles, etc.) at home”, and “I sort and recycle scrap iron (iron bowls,
iron pots, keys, etc.) at home” received the highest and lowest mean scores respectively.
Other items included: “I sort and recycle scrap aluminum (aluminum cans, aluminum
pots, or aluminum basins, etc.) at home” and “I sort and recycle aluminum foil packages
(cosmetics, beverage aluminum foil packages, etc.) at home”. The Cronbach’s value of
0.832 suggested a high level of internal consistency for the recycling behavior-related items.
Table 8. Descriptive statistics for recycling behavior items.
Recycling Behaviors Mean SD
BH1 I sort and recycle scrap iron (iron bowls, iron pots, keys, etc.) at home. 4.18 0.956
BH2 I sort and recycle scrap aluminum (aluminum cans, aluminum pots, or aluminum basins, etc.) at home. 4.34 0.844
BH3 I sort and recycle glass waste (wine bottles, glass bottles, etc.) at home. 4.40 0.797
BH4 I sort and recycle aluminum foil packages (cosmetics, beverage aluminum foil packages, etc.) at home. 4.32 0.832
Overall recycling behaviors 4.31 0.701
Findings from the correlation analysis (see Table 9) revealed that the relationship
between behavioral intentions and recycling habits (r = 0.656, p < 0.001) was the strongest.
Results also showed that the Pearson correlation coefficients between the eight variables
were in the range of 0.288 to 0.656. The analysis concluded that all eight variables in this
study were correlated and had existing inter-relationships in their paths towards recycling
behaviors.
Table 9. Pearson’s correlation matrix for each dimension of this study.
AW SN PN PBC AT IN HA BH
AW 1
SN 0.342 *** 1
PN 0.493 *** 0.326 *** 1
PBC 0.387 *** 0.378 *** 0.504 *** 1
AT 0.426 *** 0.288 *** 0.587 *** 0.498 *** 1
IN 0.455 *** 0.412 *** 0.586 *** 0.539 *** 0.513 *** 1
HA 0.448 *** 0.335 *** 0.592 *** 0.532 *** 0.548 *** 0.656 *** 1
BH 0.351 *** 0.311 *** 0.442 *** 0.422 *** 0.379 *** 0.488 *** 0.518 *** 1
p < 0.05 * p < 0.01 ** p < 0.001 *** (two-tailed), significant correlation.
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4.2. Structural Equation Model
LISRAL 9.2 was used to conduct path analysis of the hypothesis model of this study,
the model’s Chi-square = 412.30; df = 133; Chi-square/190 = 3.10; RMSEA = 0.074; and
p-value = 0.0000. The model’s goodness of fit was NFI = 0.902; NNFI = 0.911; CFI = 0.931;
and GFI=0.901, which were considered satisfactory [52–54]. The results obtained are as
shown in Figure 2 below.
Figure 2. Path analysis diagram of this study t-value (p-value): >1.96 (p < 0.05 *), >2.56 (p < 0.01 **) >3.29 (p < 0.001 ***).
The structural equation model has included the measurement model and the path
model. The former was the result of its confirmatory factor analysis. Figure 2 presented the
parameter result of the structural equation measurement model of this study. The parameter
λ was the factor loading and the acceptance standard is 0.4 [55]. As shown in Figure 2,
parameter λ of the awareness (AW) variable showed that AW1 = 0.81 ***; AW2 = 0.82 ***.
Parameter λ of the personal norms (PN) variable indicated that PN1 = 0.77 ***; PN2 = 0.79 ***.
Parameter λ of the social norms (SN) variable suggested that SN1 = 0.64 ***; SN2 = 0.74 ***.
Parameter λ of the perceived behavioral control (PBC) variable revealed that PBC1 = 0.94 ***;
PBC2 = 0.81 ***. As for the recycling intentions (IN) variable, parameter λ was IN1 = 0.72 ***;
IN2 = 0.74 ***. Parameter λ of the recycling habits (HA) variable indicated that HA1 = 0.85
***; HA2 = 0.87 ***; HA3 = 0.90 ***. For the attitude (AT) variable, parameter λ was
AT1 = 0.87 ***; AT2 = 0.82 ***. Parameter λ of the recycling behavior (BH) variable showed
that BH1 = 0.71 ***; BH2 = 0.79 ***; BH3 = 0.81 ***; BH4 = 0.67 ***. The factor loading of all
observed variables and latent variables was greater than 0.4.
The findings of the path analysis for the respective hypotheses were briefly outlined
as follow.
Hypothesis 1 (H1). Awareness has a positive impact on personal norms towards recycling
behaviors (supported, path coefficient β-value of 0.56 and t-value of 7.94, which was statistically
significant).
Hypothesis 2 (H2). Social norms have a positive impact on personal norms towards recycling
behaviors (supported, path coefficient β-value of 0.31 and t-value of 4.42, which was statistically
significant).
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Hypothesis 3 (H3). Attitudes have a positive impact on recycling intentions (supported, path
coefficient β-value of 0.23 and t-value of 3.57, which was statistically significant).
Hypothesis 4 (H4). Social norms have a positive impact on recycling intentions (supported, path
coefficient β-value of 0.20 and t-value of 2.35, which was statistically significant).
Hypothesis 5 (H5). Personal norms have a positive impact on recycling intentions (supported,
path coefficient β-value of 0.43 and t-value of 5.66, which was statistically significant).
Hypothesis 6 (H6). Perceived behavioral control has a positive impact on recycling intentions
(supported, path coefficient β-value of 0.25 and t-value of 3.72, which was statistically significant).
Hypothesis 7 (H7). Perceived behavioral control has a positive impact on recycling behaviors
(unsupported, path coefficient β-value of −0.11 and t-value of −1.31, which was not statistically
significant).
Hypothesis 8 (H8). Recycling intentions have a positive impact on recycling behaviors (supported,
path coefficient β-value of 0.44 and t-value of 4.81, which was statistically significant).
Hypothesis 9 (H9). Recycling habits have a positive effect on recycling behaviors (supported, path
coefficient β-value of 0.35 and t-value of 4.20, which was statistically significant).
A summary of the direct effects between the eight variables is presented in Table 10.
Findings revealed that there were eight direct relationships between the variables identified
as follow: (1) awareness (AW) on personal norms (PN) (0.558 ***, p < 0.001 ***); (2) personal
norms (PN) on recycling intentions (IN) (0.428 ***, p < 0.001 ***); (3) social norms (SN) on
personal norms (PN) (0.306 ***, p < 0.001 ***); (4) social norms (SN) on recycling intentions
(IN) (0.199 **, p < 0.01**); (5) perceived behavioral control (PBC) on recycling intentions (IN)
(0.247 ***, p < 0.001 ***); (6) recycling intentions (IN) on recycling behaviors (BH) (0.435 ***,
p < 0.001 ***); (7) recycling habits (HA) on recycling behaviors (BH) (0.354 ***, p < 0.001 ***);
and (8) attitudes (AT) on recycling intentions (IN) (0.226 ***, p < 0.001 ***).
Table 10. Statistics of direct effects.
AW PN SN PBC IN HA AT BH
AW
PN 0.558 *** 0.306 ***
SN
PBC
IN 0.428 *** 0.199 ** 0.247 *** 0.226 ***
HA
AT
BH −0.112 0.435 *** 0.354 ***
t-value (p-value) >1.96 (p < 0.05 *), >2.56 (p < 0.01 **), >3.29 (p < 0.001 ***).
5. Discussions and Implications
5.1. Discussion of Findings
Based on the earlier proposed research framework, this study aimed to gain further
insights into the effects of awareness, social norms, personal norms, perceived behavioral
control, attitudes, recycling behavior intentions, and recycling habits on the recycling
behaviors of Taipei City residents. Although many studies have examined environmental
behaviors (including recycling behaviors) with grounded theories (e.g., theory of planned
behaviors, norm activation model), there still existed a general lack of investigation on other
important variables such as habits, behavioral intentions, and situational circumstances.
This study has adopted the comprehensive action determination model, which incorporated
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the abovementioned variables (that some grounded theories have not considered) in order
to provide a more in-depth understanding about recycling behaviors. Results revealed
that eight (H1, H2, H3, H4, H5, H6, H8, and H9) out of the nine hypotheses developed
for this study were supported and accepted, indicating positive direct relationships. The
three key predictors of personal norms were awareness of consequences, ascription of
responsibility, and awareness of needs. The perception scale of this study has been divided
into awareness of consequences, ascription of responsibility, and awareness of needs. AW1
and AW2 had the highest goodness of fit with the model that positively affected personal
norms, and AW1 and AW2 corresponded to the ascription of responsibility and it could
therefore positively affect personal norms. This was evident from the results that the direct
effect of the ascription of responsibility on personal norms was 0.558, and this aligned with
other studies [11,16,20].
When people act they often make choices based on the ideas of others in addition
to considering their own circumstances. External information puts pressure on people,
and normative pressure tends to guide the direction of decision-making and encourage
actions that conform to external norms. Findings in this study indicated that the direct
effect of social norms on personal norms was 0.31 ***, and this was consistent with prior
studies [20,21,30].
Attitudes are a function of belief, which refers to the preference of an individual’s
behaviors and attitudes toward things. When an individual has adopted a positive attitude
to a certain behavior, it prompts him/her to engage in the behavior. On the contrary, if an in-
dividual has adopted a negative attitude to a certain behavior, that prompts him/her not to
engage in the behavior. According to the findings, the direct effect of attitudes on recycling
intentions was 0.23 ***, and this was supported by previous studies [31,39,41,56,57].
The direct effect of social norms on recycling intentions was 0.199. This result was
consistent with other previous studies [20,29,33,56].
Taking actions based on moral obligations has been a powerful motivation for execu-
tion. Personal norms have been regarded as an important factor in influencing environment-
related behaviors. When encountering a situation that needed to be dealt with, people’s
personal norms and conscience would be activated and affect their behaviors. Findings
indicated that personal norm had a direct effect of 0.428*** on recycling intentions, and this
aligned with other studies [21,35,37].
Findings revealed that the direct effect of perceived behavioral control on recycling
intention was 0.247 ***. This result was supported by other prior studies [21,37,45,57].
Perceived behavior control refers to the difficulty of an individual in engaging in
certain behaviors and is a condition that the individual needs to consider before performing
behaviors. It is also important to recognize the factors that one can control. Perceived
behavioral control could be categorized into external control and internal control. Internal
control is individual behavior, such as personal shortcomings, skills, abilities, or emotions.
Whereas external control factors include information, opportunities, etc. Based on the scales
developed by Ofstad et al. [25], and Tonglet et al. [45], the results in this study showed that
the direct effect of perceived behavior control on recycling behaviors was -0.112. Kaiser
and Gutscher [40] used the theory of planned behavior to explore the recycling behaviors
of Swiss residents and found that when predicting people’s performance at a specific
location, time, and situation, the behavior could be accurately and consistently predicted.
In other words, perceived behavior control was an accurate representation of actual control
and situational influence. It was also alike to use perceived behavior control to predict
recycling behaviors. In this study, perceived behavioral control was no longer a key factor
in predicting recycling behaviors, because the waste management and recycling methods
adopted by Taipei City and apartment buildings were slightly different. Residents might
take waste for recycling and wait for the recycling truck at a designated point in time or to
the designated room in the apartment building. This result was consistent with a study by
Kaiser and Gutscher [40] that suggested perceived behavioral control was not critical to
the prediction of recycling behaviors.
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Behavioral intentions refer to the degree and tendency of an individual to engage in a
specific behavior, which could be transformed into a predictable and interpretable actual
behavior of an individual through measurement. In this study, recycling intentions could
be regarded as the degree and tendency of individuals to engage in recycling behaviors and
how much effort they were willing to make for recycling, used to explain the actual indi-
vidual recycling behaviors. The direct effect of recycling intentions on recycling behaviors
was 0.435 ***, and this was consistent with other previous studies [35,39,45].
Verplanken and Aarts [43] mentioned that if a behavior has become habitual, the
influence of psychological variables such as personal norms or intentions on the behavior
would be weakened, and then the behavior would become involuntary. Habit is defined as
a specific situational learning that has become an automated process and leads to practical
goals or results. The development of habit is dependent on the catalysts and prompt
reflection of the goal of behavior. Findings in this study showed that recycling habits had a
positive impact on recycling behaviors. The direct effect of recycling habits on recycling
behaviors was 0.354 ***, which was a moderate correlation, indicating that the respondent
became used to recycling behaviors, thereby the influence of the recycling intentions
and personal norms were weakened, and this aligned with the argument described by
Verplanken and Aarts [43], and other studies [5–7].
5.2. Theoretical and Practical Implications
Numerous studies in the past have predominantly used the normative activation
model and the theory of planned behavior to investigate pro-environmental behaviors,
but there has been criticism of these models regarding their lack of inclusion of psycho-
logical variables which are essential in understanding human behavior patterns. While
the comprehensive action determination model [18] has been developed to overcome this
limitation, there have been very few studies conducted to provide further insights on the
applicability of this model to a variety of situations and behaviors. This study has con-
tributed to the extant literature about environmental behaviors, specifically with the use of
the comprehensive action determination model. The findings of this study have provided
further insights about the comprehensive action determination model, and verified the
relationships between the variables associated with the recycling behaviors of Taipei City
residents. It is evident in this study that psychological variables (e.g., recycling intentions,
perceived behavioral control, personal norms, social norms, and recycling habits) are im-
portant influencing factors towards recycling behaviors. Furthermore, the path analysis
results on the recycling behaviors of the Taipei City residents have further enhanced our un-
derstanding and knowledge about the comprehensive action determination model which
is otherwise limited in previous studies [18,25].
In terms of practical implications, it is suggested that government authorities and
agencies actively develop and promote campaigns on a regular basis to create recycling
awareness so that people are constantly aware and reminded of the need to exhibit recycling
behaviors. Educational activities could also be facilitated through the support of schools,
public and private organizations, and local residential communities, in order to broaden
individual’s relevant knowledge and recognition for the need to recycle. The designated
garbage and resource recovery pick-up points could also be further expanded to include
other locations and additional time schedules, to support the government’s message about
the significance of recycling and to help develop recycling habits through daily routines.
6. Conclusions, Limitations, and Future Research
In conclusion, this study has used the comprehensive action determination model to
investigate the impact of awareness, social norms, personal norms, perceived behavioral
control, attitudes, recycling behavior intentions, and recycling habits on the recycling be-
haviors of Taipei City residents. Findings have supported all hypotheses developed for this
study, except for one that posited perceived behavioral control as having a positive impact
on recycling behaviors. The findings have contributed to the extant literature about envi-
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ronmental behaviors, specifically with the use of the comprehensive action determination
model which included variables that other grounded theories have neglected.
A limitation of this study is the use of a self-report survey which may be subjected to
response bias and a lack of introspective ability by the respondents. The findings in this
study are only applicable to Taipei City and cannot be generalized to the population at
large in Taiwan or in other parts of the world or contexts that are different to the settings
outlined in this research. In order to seek generalization of the findings, a much more
representative sampling of the population is required. In addition, a similar study can be
conducted in other countries so that a cross comparison between countries can be made to
determine any similarities and differences.
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